Rough and smooth strains of Brucella melitensis released a membranous material that was devoid of detectable NADH oxidase and succinic dehydrogenase activity (cytoplasmic membrane markers) but that contained lipopolysaccharide, proteins, and phospholipids. This material was composed of two fractions that had similar chemical compositions but that were of different sizes which were separated by differential ultracentrifugation. Electron microscopy showed that both fractions are made of unit membrane structures. The membrane fragments were released during the exponential phase of growth, and no leakage of malic dehydrogenase activity (cytosol marker) was detected. Thus, the fragments were unlikely a result of cell lysis. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and Western blot analysis showed that, although group 2 Brucella outer membrane proteins and lipoprotein were not detected, the proteins in the membranous material were outer membrane proteins. Gas-liquid chromatography analysis showed a similar fatty acid profile for the cell envelope and the outer membrane fragments of the smooth strain B. melitensis 16M. In contrast, the outer membrane fragments from the rough 115 strain were enriched in palmitic and stearic acids. With respect to the unfractionated cell envelope, outer membrane fragments were enriched in phosphatidylcholine, a phospholipid that is unusual in bacterial membranes.
The members of the genus Brucella are gram-negative bacteria with a cell envelope (CE) consisting of an inner membrane (IM) and an outer membrane (OM) that are separated by a periplasmic space containing the peptidoglycan layer (13, 14) . Up to now, studies on purified OM have not been performed in Brucella spp. because of the lack of methods to achieve its separation from the IM. In most gram-negative bacteria such methods are based on the fact that the OM can be rendered permeable to lysozyme by the combined action of Tris and EDTA. The ensuing digestion of the underlying peptidoglycan layer brings about the formation of spheroplasts from which OM and IM can be separated (48) . Brucella OM, however, is not affected by EDTA (44) , and preparation of lysozyme spheroplasts is precluded (14, 44) . Therefore, the OM of Brucella has been studied by sequential detergent extractions which yield preparations enriched in OM proteins (44, 59) or by using modifications of the methods originally described for Escherichia coli by Rosenbusch (49) or by Nakamura and Mizushima (45) . Such studies have shown that Brucella OM contains three groups of major proteins (59): group 2 proteins (apparent molecular weight, 35,000 to 40,000) are peptidoglycan-associated proteins (45) with porin activity (12) . Even though a temperature-dependent molecular weight shift has not been shown for them, group 3 proteins (molecular weight, 25,000 to 30,000) show an amino acid composition resembling that of E. coli OmpA (59) . Nothing is known about the role or properties of group 1 proteins (molecular weight, 88,000 to 94,000). In addition, a lipoprotein similar to E. coli Braun lipoprotein has been characterized recently (21) .
However useful, methods relying on the sequential action of some detergents (Sarkosyl [CIBA-GEIGY Corp., Summit 316 (44, 59) . When the CEs of the phenol-inactivated 16M cells were extracted, lysozyme digestion of the Sarkosylresistant fraction was necessary for the extraction of some of the OM major proteins (59) . For sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE), Zwittergent extracts were precipitated with 5 volumes of acetone, and the precipitate was collected by centrifugation and extracted with chloroform-methanol (1:2).
Preparation of the FMM. The supematants of exponentially growing B. melitensis cultures were first concentrated 100-fold by dialysis under vacuum at 4°C and then clarified by centrifugation (15,000 x g, 30 min at 4°C). The clarified supernatant fluid was precipitated by adding solid ammonium sulfate to a concentration of 28% and incubating for 12 h at room temperature with continuous stirring. The precipitate was collected by centrifugation (15 min at 5,000 x g for B. melitensis 115 or at 40,000 x g for B. melitensis 16M), dialyzed against several changes of distilled water, and lyophilized.
Alternatively, the material present in the clarified fluid was obtained directly by ultracentrifugation (6 h at 100,000 x g, 4°C), suspended in a small amount of distilled water, and lyophilized.
Phospholipid and fatty acid analysis. Phospholipids were extracted by the method described by Bligh and Dyer (2) and analyzed by thin-layer chromatography on Silica gel H (E. Merck, Darmstadt, Federal Republic of Germany). The plates were developed first with chloroform-methanolammonium hydroxide-water (140:50:7:3) and then with chloroform-methanol-acetic acid-water (160:20:4:1.5); both solvent mixtures were run in the same direction. Phospholipid spots were detected with iodine vapors and identified by comparison with standards of pure phosphatidylcholine and E. coli K-12 phospholipid extracts (phosphatidylethanolamine, phosphatidylglycerol, and cardiolipin) (40) . The identification was confirmed by spraying the plates with one of the following specific mixtures: 3% ninhydrin in acetone, 10% phosphomolybdic acid in ethanol, or 0.0012% Rhodamine 6G in deionized water (31) . To estimate the relative amounts of phospholipid species, the corresponding spots were scraped off the plates; the powder was extracted with chloroform; and after drying under nitrogen, total phosphorus was determined by the method described by Bartlett (1) .
The fatty acids of total phospholipid extracts were analyzed by gas-liquid chromatography after the corresponding methyl esters were prepared by the method recommended by Moss et al. (46) . The analysis was performed in an apparatus with a flame ionization detector (Sigma 300; Perkin-Elmer Ltd., Beaconsfield, England) equipped with a stainless steel Supelcoport (100/120 mesh) 3% SP-2,100 column (Supelco Inc., Bellefonte, Pa.) and a chromatograph data station (Sigma-15; Perkin-Elmer). A 150 to 230°C temperature gradient was used in the analysis. Fatty acids were tentatively identified by comparison of the retention times of the corresponding methyl esters with those of commercial standards (Qualmix M, and bacterial fatty acid methyl esters mixture; Supelco). Equivalent chain lengths (ECLs) were calculated as described by Miyagawa and Suto (43) .
Enzyme assays. Succinate dehydrogenase and NADH oxidase were used as IM markers and assayed as described by Johnston and Gotschlich (29) and Osborn et al. (48) , respectively. The cytosol marker malic dehydrogenase was assayed by the method described by Smith and Winkler (53) .
Electron microscopy. For electron microscopy, the FMMs were sedimented by ultracentrifugation as described above, and the pellet was taken up in a small amount of deionized distilled water. To obtain thin sections, a sample of this suspension was mixed thoroughly with an equal volume of 3% Noble agar (Difco Laboratories, Detroit, Mich.) that had been previously melted and equilibrated at 45°C. After gelling the resulting block of agar was cut into fragments of about 1 mm3 which were then fixed for 1 h at 0°C with fresh 0.6% NaMnO4 (39) (22) .
For enzyme-linked immunosorbent assays (ELISAs) the FMM from B. melitensis was coupled to polystyrene plates in carbonate buffer, and the assay was performed as described elsewhere (60) with peroxidase-conjugated goat antirabbit immunoglobulin G (IgG; Nordic Laboratories, Tilburg, The Netherlands). Western blots were performed by the method described by Burnette (3) with the same conjugate and with 4-chloro-1-napthtol as the substrate (24) . Coagglutination with protein A-containing staphylococci was performed as described by Kronwall (33) .
Other analytic methods. (0) and FMM-100,000 x g (0) were collected by ultracentrifugation, and dry weights were determined after lyophilization. The FMM yield is expressed as the ratio (FMM dry weight/cell dry weight) x 100. the method described by Lowry et al. (38) , with bovine serum albumin as the standard. KDO was determined by the thiobarbituric acid method described by Warren (61) and the interference due to 2-deoxysugars corrected as described before (44) by including both pure KDO (Sigma Chemical Co., St. Louis, Mo.) and deoxyrribose as standards; when LPS was estimated by measuring KDO, the corresponding LPS extracted as described elsewhere (17, 35) was used as the standard. Total fatty acid content was determined colorimetrically (23) with tripalmitin as the standard.
SDS-PAGE was performed in 12.5% acrylamide slabs with the discontinuous buffer system described by Laemmli (34) and gels stained either with Coomassie blue (15) or by the alkaline silver method described by Merrill et al. (42) . Molecular weight markers were phosphorylase b (94,000), BSA (67,000), carbonic anhydrase (30,000), soybean trypsin inhibitor (21,000), and lysozyme (14, 000) . In addition, OmpF (molecular weight, 38,000) extracted from the CE of E. coli B by the method described by Rosenbusch (49) was used as the standard.
RESULTS
When culture supernatants of B. melitensis 16M were tested by coagglutination, a strong reaction was observed with staphylococci sensitized with sera from infected rabbits (mostly anti-S LPS) but not with staphylococci sensitized with nonimmune sera. Such coagglutination persisted after the supernatants were filtered (pore size, 0.22 ,um; Millipore Corp., Bedford, Mass.) but not after ultracentrifugation, and similar results were obtained with B. melitensis 115 supernatants and sera from rabbits infected with the homologous strain. In contrast, negative or very weak coagglutination reactions were obtained with the supernatants of the two B.
abortus strains that were tested.
Ammonium sulfate precipitation of the supernatants of B. melitensis yielded a material which, on chemical analysis (Table 1) , showed the presence of LPS (estimated by KDO), protein, and amounts of fatty acids that could not be accounted for by the fatty acid content of the LPS. A material containing these same components could also be obtained by ultracentrifugation of the culture supernatants (FMM; and the second fraction required for sedimentation at least 100,000 x g for 6 h. The overall chemical composition of these two fractions, however, was not significantly different (Table 1) ; both contained LPS, fatty acids, and protein. With respect to the presence of IM enzymatic markers, neither NADH oxidase activity nor succinic dehydrogenase activity was found in the FMM (Table 1) . Furthermore, negative results were also obtained when the assays were performed immediately after brief sonication of the FMM, thus ruling out the presence of inverted vesicles in which the enzymes would be cryptic. In contrast, CE controls that were obtained from the same cultures and processed simultaneously contained both NADH oxidase and succinic dehydrogenase (Table 1) .
Electron microscopy of thin-sectioned FMMs showed that it consisted of unit membrane structures. Results of electron microscopy also confirmed the different size of the fragments obtained by differential ultracentrifugation (Fig. 1) . When the rate of appearance of FMM in the medium during growth was studied, it was found that whereas the ratio FMM dry weight:dry weight of cells increased steadily during the logarithmic phase of growth, it began to decrease by the stationary phase (Fig. 2) (Fig. 4) . Similar negative results were obtained by Western blot analysis with anti-lipoprotein serum (data not shown). Finally, the identity between the major proteins in the FMM and their molecular weight counterparts in Zwittergent extracts was confirmed by Western blot analysis with serum samples from rabbits that were hyperimmunized with the FMM of the R strain (Fig. 3B) . Table 2 contains the results of the phospholipid analysis of the FMM and the CE. Phosphatidylcholine, phosphatidylethanolamine, and cardiolipin were the major phospholipids in both CE and FMM, a result that is consistent with the analysis of total lipid extracts of whole cells (57) . The relative proportions of the major phospholipids, however, were different in the CE and FMM, the latter being clearly (Table 2) .
Gas-liquid chromatography analysis showed that palmitic (16:0), stearic (18:0), oleic (18:1), and lactobacillic (19:0 cyclopropane) acids were the major fatty acids in both CE and FMM B. melitensis 16M (Table 3) , a result that is in good agreement with those reported by others for B. melitensis whole cells (7, 28, 56) . These same fatty acids were identified in CE and FMM obtained from the R strain but, in contrast with the results obtained with the S strain, the proportions of palmitic acids, oleic acid, lactobacillic acid, and the unknown fatty acid with an ECL of 19.2 were different in the CE and the FMM.
DISCUSSION
Large amounts of membranous material (FMM) were present in the supernatants of cultures of R and S strains of B. melitensis. This material contained LPS, phospholipids, and several OM proteins but lacked the IM markers that were investigated. Thus, although both group 2 proteins and lipoprotein could not be detected, the evidence obtained demonstrates that such FMM is made up of OM fragments. Furthermore, the kinetics of appearance in the growth media showed that FMM is unlikely to result from cell lysis because it accumulated only during the exponential phase of growth, and leakage of malic dehydrogenase activity was not detected. Fragments of CE blebbing off B. melitensis 115 cells have been observed by Dubray (13) by electron microscopy of thin sections, and they should correspond to the FMM described here. Indeed, release of OM fragments has been reported for other gram-negative bacteria (4, 9, 18, 19, 25, 26, 32, 36, 37, 41, 47, 50, 55, 64) . This phenomenom, however, did not occur in either B. abortus 19 or B. abortus 45/20 , at least to the extent that it could be detected by coagglutination.
Two FMM fractions with different sedimentation properties were separated by sequential ultracentrifugation, and electron microscopy confirmed both their membranous structure and their different sizes. Gankema et al. (18) have shown that the OM blebs released by enteropathogenic strains of E. coli can also be fractionated by ultracentrifugation into two fractions that differ both in size and chemical composition. Our results, however, did not demonstrate significant differences in the composition of FMM-40,000 x g and FMM-100,000 x g. These same data indicate that the smaller FMM fraction cannot be considered free LPS, as it could be suggested by the ultracentrifugation conditions required for its sedimentation. Because the large membrane fragments found in FMM-40,000 x g would not be expected to be released without extensive cell damage, it is possible that FMM-40,000 x g is the result of the reaggregation of the smaller FMM-100,000 x g fragments. This interpretation is consistent with the fact that the ratio FMM-100,000 x g/cells increased faster than FMM-40,000 x g/cells during the exponential growth phase and that the opposite was true during the stationary phase.
The apparent molecular weight of the major proteins present in the FMMs were 30,000 and 25,000, and accordingly, they should belong to group 3 Brucella OM proteins (59) . Santos et al. (51) It was interesting that, in comparison with the CE, the FMMs were enriched in phosphatidylcholine. Even though the FMMs were not representative of the OM protein, they could be representative of the OM phospholipid. In E. coli newly formed lipid molecules diffuse in the membrane much faster than the protein components of transport systems (58) , and there is also evidence that the major proteins diffuse very little once they are incorporated into the OM (8) . Likewise, it has been shown that the lateral diffusion of both LPS and phospholipid in reconstituted Salmonella typhimurium membranes is over 1,000 times more rapid than that of LamB (52) . Thus, the FMM is more likely to represent the average membrane lipid than the average membrane protein.
Finally, it has been shown that the OM of several gramnegative bacteria is enriched in phosphatidylethanolamine, the major phospholipid in their CEs (11, 27, 40) . The interpretation that the FMM phospholipids represent that of theOM is consistent with those data because the FMM was also enriched in one of the major phospholipids in B. melitensis CE (phosphatidylcholine). Phosphatidylcholine occurs very seldom in bacteria (20) , and as a membrane constituent it has properties that are different from those of phosphatidylethanolamine (6), the usual major phospholipid in bacterial membranes (20) . Although much research is necessary to understand the significance of the presence of phosphatidylcholine, it could relate to some of the unusual characteristics of Brucella CE (44) . ACKNOWLEDGMENTS We are grateful to M. A. Eleta for technical assistance in the electronmicroscopic work, to M. J. G6mez-Miguel for providing the antilipoprotein serum, and to R. Dfaz for helpful discussions and suggestions.
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